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INTRODUCTION

The purpose of this report is to present specific analog computer programs
effective in the solution of a simplified description of the ray paths of radio
waves propagating through the earth's ionosphere. The main phenomenon

of interest is the description of the conditions necessary for a radio wave

of a given frequency to penetrate the ionosphere and then "follow" the earth's
magnetic field lines back to the earth. Such propagation in the “whistler"
mode may be described by the Hamiltonian ray equations. 1 It is assumed

that these ray approximations to the Maxwell Wave Equations are of sufficient

accuracy in describing the phenomena.

A simplified set of ray equations may be written if it is assumed that the
electron density about the earth is independent of longitude, that the effect

of energy loss by collision is negligible and that the anisotropic effects of the
earth's magnetic field are negligible at the frequencies of interest.

{(~14 mc. fH/f <1, fH== gyro frequency) With the above assumptions, the

Appleton-Hartree equations for the radio wave index of refraction reduces to:

uZ =1- N(r, 0) -
fz (1.24x 10"
where:
b o= radio wave index of refraction
N(r,0) = electron density

r = radial distance from the earth's center
9 = co-latitude

= radio wave frequency in megacycles

N
2
£“(1.24 x107)

At frequencies where << 1 the bionomial expansion gives:
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N(r, 0)

w=1-

For the purpose of this

N(r, 0) .

2.28 x 104 fz

where:
E F{r)
m(r)

c(y)

E F(r)
E F(r)

(2.28 x 104 £2

study the following form for N(r, 9) is assumed:

E F(r) sing [1 + m(r) C(Y)J

= normal dependence of electron density
=  radial dependence of duct

= modulation function for a duct of enhanced
electron density

= geomagnetic latitude parameter = r/sinzo
=  an empirical function r < 6690 km

218 (r-6690)  r 26690 km
= radius of earth in km

= 6,370 kin ~

= e

The effect of a single duct of enhanced electron density following the earth's

magnetic field lines is determined by this assumed form for N(r, 0).

N{r, 0)

m(r) 1 /---M—£’»‘— ety (\L

L/

T
Tey Tep

ry
U 1 i
» -é-penod of a

3ine wave,

The Hamiltonian ray path equations in polar co-ordinates, when the anisotropic

effect of the magnetic field and the longitudinal electron density depehdence are

neglected become the following 2. (-g%) is an anisotropy effect and is not

present in the following equations.

“2-
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where:

Inserting u 2

detailed form

ﬂ.: __l.a_'" sino.+l —1 élicosa- sina
r r w98

ds VI

w = radio wave index of reiraction

r = radial distance of point on ray path to the earth's center
e = co-latitude of point on ray path

s = arc length along the ray path

a = angle between the wave normal and the radius vector.

(Since the anisotropy of the earth's magnetic field has
been neglected the wave normal direction coincides with
the direction of the ray path).

RAY PATH

EARTH

GEOMETRY OF SITUATION

3t -a-% in terms of N(r, 9) we obtain after differentiation the following
for —

ds '

-3~
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9&_= l sina |E sin® Q_E - -1— cosa |E F coso -—1- sina
ds b dr wr r

+ :1 sina {-E 8in® %f; m(r) C(Y)j
+ = sgina { 8in0 F—— C(Y)]
R {E F m(r) gE]

n 8in0 dy

- f; cosa [E cosd® F(r) m(r) C(Y)]

1 [2 E F m(r) c]
—~ cosa _—
1) d

+

8in@

\

where the first three terms are always present, but the last five terms are

only present when the ray is within the duct of enhanced electron density.

It is useful to know when the radio wave path first becomes tangent to a geo-

magnetic line. Since the equation of a geomagnetic line is

r=c sinZO

dr _ 2 r cos@
a0 c 2 8in0 cosf = 3in0

but -g—o- on the ray path is given by

dr

ds - X cosa
_cﬂ sina
ds

-4.
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Thus when the ray path is parallel to a geomagnetic field line:

ctn a = 2 ctn®

Whenever this equality holds we know that the ray path may possibly be "trapped'

on a magnetic field line.

The remainder of this report deals with the various programming problems

and the analog circuits required to successfully and accurately model the system
equations. Specific special attention is given to implementing the five terms
related to the duct so that they are not present in the circuit when the ray path
lies outside the duct, and yet are accurately represented when the ray path is
inside of the duct. Special computer control circuits are discussed to accomplish

this task. The method of generating F(r), %g, cly), 9—%}-) is also discussed.

COMPUTER PROCEDURE

_ An electronic analog computer is an assembly of components whose voltage

outputs can simulate the behavior of a physical system., The numerical values
of the voltages in the computer are sc'a.led to represent the magnitudes of
quantities in a physical system. The computer components operate on their
input voltages to produce functions required by the mathematical description

of the physical system. By parallel interconnection of the components it is
possible to perform many operations simultaneously and thereby construct a
computer model of the system. In a general purpose computer the interconnec-
tion of the electronic components is established very easily by programming

a patch panel, allowing rapid construction and, if necessary, changes in the
computer model. The computer contains a complete monitoring capability so

that all voltages can be measured accurately and conveniently.

-5.
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SYMBOLS FOR PACE GENERAL PURPOSE ANALOG COMPUTER

NAME SYMBOL FUNCTION mscmp'rlogl
High 5_. . v, _ , Operational
Gain 8 © Vo‘ - GE Amplifier
Amplifier G>10

+V, o1 .
Bummer +V o—o] v, v =-(vl+1ov2.5v 3y Amplifier
'V§ 02 ° Multiple Input
+V 5 _ Amplifier
[nteg rator 1 ]> o V Vo“ Gvaz)dt Multiple Input
Vz o— 1] o
Coefficient Vv =KV
rotentiometer v1°_o——° v, o 1 Ma.nua!ly Set
0 <K<l Pstentiometer
vz V.V '
R + _ 172 uservo Driven
ervo Pvf — -—— v Vo=t o0 otentiometer
ultiplier + ‘LD o .
Divisi -V, 1 High Gain
lvision Amplifier
Circuit m——o v, Vet 100V, P
RVO g ° vl Servo Driven
+v° - - Potentiometer
1+ LD -
+V
lectronic Z B ) viv, Elect ronic
ultiplier v, EMIAB o V_ Vo© T Too Multiplier
o vZ VZ
ervo Function - +V V2
SERV o |V v,
enerator + Vl o _——— o
+J]__.‘D Arbitrary
iode 1 Functions
unction v
to
enerator v o-u-..._...,{ D¥G > o) V) o 1
o o e
. v,

-6~
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The basic components of the computer perform such mathematical operations
as addition, subtraction, multiplication, division, integration,  and the
computation of analytic or empirical functions (i, e. sines, cosines, etc.).
All of the operations required to establish a model of the ray tracing system

are readily available.
The basic components, their electrical form, program symbol, and mathematical

function are shown in the Table. Assorted view of the PACE General Purpose

Analog Computer used in the study are given in the photographs.

EXAMPLE OF COMPUTER RESULTS

The following diagram is an example of the results obtained from the analog
computation. The upper figure shows how a set of rays travel at 14 meg. and
illustrates the restricted initial angle required to obtain trapping in a plasma

duct.

INSTRUMENTATION OF THE REQUIRED EQUATIONS

Page 1 of the analog computer program that was developed by the Research

and Computation Division of Electronic Associates, Incorporated, generates

the actual integration of the three (3) specified differential equations. The
upper right hand side of this page has the integrator that generates r. Directly
below this portion of the computer program is another integrator that performs
the integration that produces the quantity a. The top left center portion of

this page has the integrator thaf generates the quantity 6, Directly after the

a and O integrators, one will notice two (2) 8.054 devices. These devices are
solid state sinuscid generators that produce the required trigonometric functions

of the angles. The lower right hand corner of Page 1 has an amplifier that

-7-
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generates the quantity 40[coua -2 co tO] . Directly before this amplifier, one
will notice that there are two (2) Diode Function Generators (DFG) that produce
40 cosa and 80 cot®. Associated with each DFG there are two (2) sets of relay
contacts. For explanation of these relays see section entitled NOTES ON
INSTRUMENTATION OF REQUIRED SYSTEM.

Page 2 of the computer program is devoted entirely to function generation. The
functions that are generated on this page are m(r), dF(r)/dr and F(r). The

m(r) function is generated in the left section of the page. The dF(r)/dr function
is generated in the center portion of the page, and the F(r) function is generated
in the right hand portion of page 2. The m(r) function is generated by an amp-
lifier and a bridge limiter. The function generation of dF(r)/dr and F(r) employs
amplifiers, bridge limiters, and DFG's. For an explanation of these circuits

see NOTES ON INSTRUMENTATION OF REQUIRED SYSTEM.,

Page 3 of the analog computer program generates the remainder of the terms

and functions required by the equations. These quantities are dc(y)/dy, 3v3r,
du/30, and c(y). In addition to these terms, this page contains the automatic
cycling circuit that places the computer in HOLD at various points in the solution.
This control circuit may be found in the upper right hand portion of the page.

For an explanation of this circuit see section entitled AUTOMATIC CYCLING
CIRCUIT. The dc(y)/dy function is generated in the lower left hand portion of
page 3. For an explanation of its operation see NOTES ON INSTRUMENTATION
OF REQUIRED SYSTEM. The relays that are shown on page 3 insure that when

m(r) or dc(y) are zero, then any multiplication by them is indeed a flat zero.

Notes on Instrumentation of Required System

1. Relays Shown on Page 1 of Computer Program. These relays are

used to reverse the drive to the associated DFG and to invert the output of the

same DFG. One will notice that the function programmed on the DFG is the

-8-
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contangent of some angle. The angles, that are present in this simulation
have their ranges well defined and as a result their contangents may be
calculated and placed on DFG's. Because the range of the angles is symmet-
rical about 90 degrees, the contangent function is symmetrical about zero,
and all that is required is to program half the function and attach the appro-
priate sign to the output. The relays associated with each DFG accomplish

the required operations.

2. Function Generation Page 2 of the Computer Program -

A. m(r) is generated by means of an amplifier and a bridge
limiter. The amplifier has an output of zero up until such time as the value

of r becomes equal to r When r is greater than T.» the amplifier has
1

some output that is equal to the value of m(r) at that point. The bridge limiter

Cl'

is used to hold m(r) at its maximum value beyond the point r. . The potentiometer

in the feedback path of the amplifier allows the slope of the function to be

adjusted. The m(r) function is as follows:

B. The dF(r)/dr function is generated as follows:

dr dr

dF(r) _[dF(r) + dF(r)
i 1 T )

(igg)) is a nonanalytic function and with rapidly changing slopes.
1

-9.



(d—Fa{_ﬂ-)z is an analytic function.with gradually changing slopes.
The (dl-‘(r)/dr)1 function is broken up into two sections. One section is simu-
lated using amplifiers and bridge limiters while the other section is instru-
mented using a DFG. The amplifiers are used to generate straight line segments
that approximate the function fairly well, The DFG contains an error function
that is added to the straight line segments. This summation of the two sections

prafuces the required function.

C. The F(r) function is generated in the same manner as

dF(r)/dr. (see above for details).

3. The relays that are shown in the lower right hand portion of page 2

are used to switch between the first and second portion of the required function.
The way in which they are inserted in the problem prevents any discoatinuity §

in the functions.

4. The dc(y)/dy function is generated on page 3 in the lower left hand"
poertion of the page. The function is generated in two parts such that when they
are added the total required function is generated. The equipment required to
generate the function is explained in detail in APPENDIX I of this Technical
Report.

5. The circuit that generates dc(y)/dy was programmed separate from -
the reat of the computer program and its output integrated to give the requiret;'
C{y) function. The output of the integration was plotted and the resultant
function was then set up on a DFG. This DFG is in the center of page 3 of the

computer program.

-10-
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Automatic Cycling Circuit

Due to the large amount of switching that is necessary in this computer
program, it was necessary to have the computer go into HOLD at certain
particular points in the solution. To insure that the machine would go to HOLD
at the same point each time, it was necessary to develop a circuit that would
accomplish this tagsk. The circuit that was developed is shown in full detail

in APPENDIX II of this Technical Report.

Formation of Difference of Geomagnetic Height Within Duct

Since the formation of Ay for input to the c(y) circuit requires the accurate
subtraction of two large numbers which are very close to each other, a tech-
nique is required to overcome this great error potential. The method adopted

here is to compute an integral.

Y2

Ay dy

41

which represents the difference, instead of actually performing a subtraction.

Since the computer independent variable is 8 we must form

7)
i C (g, - [(2y dr L2y @0
Ay‘j dy‘fda‘“‘}(ar ds T30 as ) 9°
"

since y =
sin ©

Ay _fr-—lwz——- [cosa}-i- [1_':&%2‘9_0] (-1-1.- sina)] ds

[sin (4] sin @

Ay =fm-§‘- fctna - 2 ctnO] ds
sin ©

-11-
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Fl(r) Fz(r)

A NS
l/

Fz(r) ——
Discontinuity at
Switching Time

Potentiometer Aasignment Sheets

The potentiometer Assignment Sheets list all the potentiometers that
are used in the computer program, together with their settings for the static

check conditions. A copy of these sheets may be found in APPENDIX Ill.

Amplifier Assignment Sheets

The Amplifier Assignment Sheets list all of the amplifiers that are
used in the computer program, together with their calculated and measured
values for the static check conditions. A copy of these sheets may be found

in APPENDIX 1V,

Computer Program Static Check (Theoretical)

The Theoretical Static Check is a mathematical calculation performed
on the basic equations without considering any scale factors. A set of con-
ditions is chosen and then all required calculations are performed until every
quantity that is required by the computer program has been calculated. A

copy of the theoretical static check is provided in APPENDIX V.,

Computer Program Static Check (Voltage)

The Voltage Static Check of the computer program is provided to enable
theicomputer operator to verify the outputs of the various computation elements
against the Theoretical Check values. The voltage static check is the same as
the theoretical one except that all scale factors must be considered. A copy of

the voltage static check may be found in APPENDIX VI,

-13- '
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ELECTRONIC ASSOCIATES, INC.

PRINCETON COMPUTATION CENTER

. 80X 582, PRINCETON. N. J.
SUBJECT_CampulBR CIRCUIT POR sHExTNo._L or &
GEMERATION __oF 4S9 /jy Fpweriew  proJs. NO.__ 4700

THE FUNCTION dcm/J, IS DEFINED To BE AS Follows

.
W
> 4
e .
s
\

FYH
e

i

I sv___RB
. pare__8/20/62
o LT

4a

)
:

S —— » Y .

)
6‘= /2 Km ly = |0 Kn') RS Km} 50 Km, 78 Knm / 100Kn AND 200 Km

THE SHAPE oF THE PILSE IS SinvuSelVAL  WITH THE Maximum VAWE CF /.o
‘_,\:'2. BEWC  AcwiEved AT d/2.

‘il - ,

¥, THE METHOD OF INSTRumiWIATION FoR THiS FUACTION Emriors THE USE oF
FLECTRPONIC ASSOCIATES /MC. MODEL 8.054 FLEcTRONIC SIMUS0I0 GENERATCRS.
THIS ElLECTRowic DEVICE TPERFOAWS THE [FUnCTian of A RiSeivER, ((€ WHFN
AVoLTRGE PROPERT.ONAL To AN ANGLE IS SUPPLIED Te rHE DEVICE THE OuTPuT
OF THE SinvSe1D CENERATOR 1S FQUIVALENT To /06 SN OR /évces oF THE

REQUIRED ANCLE.)

BECAUSE THE SHAPE oF THE TPusE 1s s wusevfe , ALL THAT s REquited
1S THE CORRECT mEywed CF OBTRiNNG THE WNPUT. THE FollowinG nFoRMBTION
As To THE B.654 Sinvso D GEVEANTOR wist PRovE vAtungiLE.

INPUT _ YOLIRGE __OUTPUT_ VoL1AGE
0c.00 ©0.00 (siv ©°)
722.50 + 10. 70 (sis 45°)
SR . 45.00 +100.00 (siw 10°)
67.80 t70.70 (5w 735°)

90.00 60.00 {(siw /80')
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’ ELECTRONIC ASSOCIATES, INC.
PRINCETON COMPUTATION CIENTER
! BOX 382, PRINGETON, N. J.
sv_._RB. SUBJECT_SOMPUTER  CIRGLY MEtAToYy SHERTNO._ L _or_2-
paTe._8/20/6% or 0y punerienw Gemggaren . pros. No.__4700

THE FOLLow/NG CIR(HT WAS USED To GENERATE THE TREQURED d“*’/da .

N, S{aye2)
/7 (Pomrive
emy )

) AMPLIFIERS 1 + 2 TPROVIDE THE CORRECT INPUT VolLIRCE [30oTH MPGrmTUDE
AND SiCWN, b

2) THE BRIDCE Limirkas PRovibE THE CORRECT CLIeFF NeL1hiGFS.

B) AMPLFERS B Y4 1SeLRIE THE BRIDGCE | ImiTERS [Rem JHF B.654 yniTs.
4) AmPLIFIELs 5,6, 7/)#0 B ArE REQUIRED BY 7HE B.054 uwmrs.

S) AmMPLIFIER 9 |S USED AS AN [NVERTING AMPLIEICE,

€) AMELIFIER [6 1S USED 76 CCMBINE THE FELEMENTS THAT FoRMm dc(ﬂ
° ay

THE FUNCTIon  ClY) 1S ACHIEVED [BY MIECHRTING d‘(a)/JU'
C§) 1S THEN PLACFD ON A Diope FuncTiod GENERATOR,

_JL___.U_ JCI;)
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ELECTRONIC ASSOCIATES, INC.
PRINCETON COMPUTATION CENTER
BOX 583, PRINCETON. N. J.

sv_.__RB SUBJECT.SOMPUTIR CIRCGIME FOR GINESAToN SMERTNO._ L _oOF_2-
oare_8/20/6% _or WAy ruwncrien Gempparew _ eros. No.__4700

THE FOLLOW/NG CIRCHT WAS USED 7o GENERPTE THE REQUIRED o‘“!‘/da .

-~ 3 T,
N\ S{aye2) o _ ’ :

7 (Posirwve

owLY ) \
R N

2
3)
4)
$)

BRWDGE .
LMITERS N\

>0

%o

18054 & K

HAMPLIFIERS 1 + 2 “TPROVIDE THE CORRECT INPUT Vol1AGE [Bora MAGrMTUNE
AND SiGH, b

THE BRIDGE Limirkrs PRovibE THE CORRE(T CUroFF VELIRCES,

OMPLIFERS B %4 15S04R7E THE RBRIBCE [ IimiTERS FRim THE B.089 yniTs.
AmPLIFIERS S, 4, 7 aws B ARE REQUIRED BY THE B.054 uwirs.

AMPLIFIER 9 (S USED AS AN INVERTING pgmpLIFIf @,

€) AMELIFIER [0 1S USED 78 CCMBINE THE ELFMENIS THART FoRm Jclz)

. 44

THE FUNCTIsN Cly) 1S ACHIEVED BY M1£CARTING dety) Jdy .
ey 1s THEN PLACED ON A Diope FuncTiod GENMERATOR,

_ﬂ____u— JC(&)
_J—_\__c133
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CHANNEL

(2y)
10 Km
25 km
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{00 Kn
200 Km

&f&a’ :L——-—m

WIDTH

“

BOX B82. PRINCETON. N. J.

ScaLe oF dep/dy % Ciy) orive

s(Ay +2)

2(by +5)
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Y3 (byars)
5;6‘(&3 120)
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T

sumigcT__ LOMPUTER CHANGES
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o PRINCETON COMPUTATION CENTER
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OF AMPLIFIFR 2 Wui BE 2,0 vorrs DEPENPING UPow THE SuMmATION OF TS INPOYS. THE

—

~

"OUTMT OF AMPLIFMR 4 wil BE Zito Veils DERENDING VPN THE SummATIeN oF TS WHVTS,
THE 1000 uu{ CAPRCITOR AROOND AMPLIFIER 4 IS USED Te SWAPE THE Puisk
THPT DRIVES 7THE MODE covifos RELAY. Por B3 s useo 70 Bias TNE CoaTRoL
Puise.

FOR THE CONDITIONS SPECIFIED IN FIGURE 4 ToT 4 wRs p SFr7ine OF 0.610e "
AND Po7r "2 AR SEr7/MC 0F 0O.8j00.
o .

-



ELECTRONIC ASSCCIATES, INC.
PRINCETON COMPUTATION CINTER
S0X S82. PRINCKTON. N. J.

SUBJKCT COMPVTER CIRCU(T FoR Auremmic  SHERTNO._ A _or_3
LY eros.nN8_4%0¢

, TNAT THE VYARRIoUS ELEMENTS OF THE CYCLiNG CIrRewT HAVE BEFN
DEPINED  CONSIDER THE ClRCuir OPERATION

‘1) RS LONG RS TRE 0uTPur OF THE Dor7e AMPLIFIER IS LESS THAN THE ourkuT
oF Per W1 , 7HE OuTPur oF AmPuFIER ¥ ]S NEGATIVE.

v, B THWE NEGATIVE VOLTAGE A7 THE OuTPvT OF AMPLFIER ¥1 1S COMPARED WiTH
 TME Pesirive ouTPurs oF Pors * 1 AND 2 A7 THE GRID OF AMPLIFIER M2,

3) ConsSIDER TWE CASE WHERE (3-;.) < (3-7.),. ASSUME  TwAT (y-4,)= ~T008 Km
TH& our PuoT OF DOorrEb AmPuLFIER 1S «70.60 voLTs
THE ovrPur oF Tor *Z s +8l.0oo VOITS
THVE ouT PUT oF AmPuFIER *1 s =|l.oo VoiTs

3 i - ‘:.'w)
WIS
%
1

Lt 4) THE SumMMRATION OF INPUTS MT THE GRID OF AMPILIFIER # 2 s =-l10.00veers

THE oUTPOT oF Po7r %2 /s +/.00 voirs

(& ( 48100 ~{i.00)2) = (70.00) +1.00) = — [0.00 vosrs

4
: &) THE OoUTPUT oF AMPLIFIER ¥ 2 IS ¥10.00 Voirs . WHEN THE OurPur OF
LA Ampuirigr Y2 1s Tosirive THE TRPY BEWNG TRRALED IS ourSIDE THE

e Puerwg cHANNEL

&
R

G) THE ouvrPur oF AMPLFIER ™ 8 s =10.00 VOLTS

7) THE ourpur oF AMPLIFIER %4 18 +/00 voLis AND THE ~OMPUTER IS IN OPERATE,

. l; ‘ le =(+10.00 ~1e.001a) +8.0) = + Z.00 vours

- “’ ' EVEN THOUCH THE /XCTURL SuMMATION OF THAE [#PuTR IS oNLY =2.00 voiTs
. | THE AMPUFIER /RS ONLY i Limiree FLR FEEDBNCK NAND THEREFORE THE

l OUrPrry GoES |n70 THE CORRECT AimIT.

y :
. l“ . 8)96 THE OvTPvT OF THE DOTrsD AmPLFIER  BEwomES CLOSER AAD CluoseR TO |
s THE VALLE OF Por *1  THE ourPe7 oF AmMmiFieR *1 BEomEs LisS AND
l LESS NECRTIVE, FOR TME CRNSE UNLER STVDY WHNEN THE oyTPer oF 74& DeTTED

AR ana':'-:a BEcomes —Bo.00 VoLIS THE OuT PeT OF AMPLFIER B L s = Loovers
,‘. . .. TA& Our PT OF RMPLIFIER %3 BEcomEy - /400 VUTS. AAPLIFIER O3 BEcomes EEkO.
','/ TAE Qormyry of AmPLIFIFR vy BEcomes + /00.00 Vor7s,
E’ NOTE: PSS RMPiiER ®2 WENT FRoM +10.00 VOLYS To =/0.06 VLIS THERE
f ‘ was AN Poise CREATED OVT of AmpLiFiER 4 THA7 PLlLAID THE

COMPer KO N ldash
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ELECTRONIC ASSOCIATES, INC.
PRINCETON GOMPUTATION CENTER
BOX 382, PRINCETON, N. J.

sy SURIECT COMPUTER  GIRCUIT (R AVRpATIC SHERTNO._ 3 _or_ 3
nm_umtu—___ SYCUnG _of ComMPUIER (Cope7.) ~ pmos.No._4700

THE OUTPUTS OF TWE VARIOUS COMPIWNENTS OF THE Circorr.

| !

4

‘ | |
" i |
ne 1o e —— & Pl
ouTPuUT .
(") l !
(i} > ! > - > Aur2
!
AMP 2 ol ‘
ovr puT Y .
¢ > > -
&
HuP 3
AT PYT
] o
AMP 4 ol .
o7 Pur .
(’) NEGATIWE VALVE TLmcES
/(on!_’uvte To KouD,
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f%a»f o Jeco
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E lectronic .

Princeton Cox
001 S88 PRINCETON, N,

POTENTIOMETER ASSIGNMENT SHEET

POT. | SETTING | SETTING | SETTING | SETTING PARAMETER POT.
¥O. M‘l.ﬂr J0. | RUN NO, | RUN NO. | RUN No. ﬂ :/o;f; OESCAIPTION NO.
P00 P K srarn. cbicn = oo, ( -ho)’ P00
Y 9.3 nt/o'% 000
PO} o Qsrarn. ok : oo® (® ;q_t_,), ' POI
Q0! Y 5.3) (10™%/3) Qo
[ro )  ssey %= /o~ 5.3 ) (70 =8, ) PO2
e Qo2
res PO3
Q03 Q03 |
P04 ] . .33 POS
d r Y- e ot e R . . Q04
] 562 Sipre entcns 1250 KM (s 10" ) POS
M. osoo X 103 o8
PO ). /oce SF POS
[ 008 a0
po? PO7
e0? Qo7
P8 § . oo /e, PO®
W8 ). /200 Qos
| Poe ). £ »o9 |
000 § . 3335” Q09
ld XS P10
0 coo® Ql0
3. (]
8l CI1
ms R, 2 * PI2
eie i Q12
LiR P A 4]
(11 ) 13}
) 4L
0] 334 Prnro 2), (Cego) Ql4

W S e e



—C Associates, Inc
Computation Center
BENEETON, %.J, PHONE PRINCITON '~2291

IEET SHEET | OF 2
POT.|| SETTING | .SETTING | SETTING | SETTING PARAMETER POT. ;
NOTES i
. . | RUN NO. | RUN NO. | RUN NO. DESCRIPT ION |
i
. o .:
PI6 :
Q6| Fson € =0 0634y 2L e Qe :
PI? ‘ P17
arl]]. seeo Diaw AT a7
PI8 PIs
: Q8. sceco L ipe koo, r Qe
ﬁ Pi9

PI9
QI fl, eno Lilda Lirur Q9
-
P

|

-* Qe |l -, DAL, ey Q28

L P29 pae |
029 || LT
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Pr.> w3ea

Electronic

Princeton Co

‘B 80X 982 PRINCETON, N
POTENTIOMETER ASSIGNMENT SHEE
9
[
POT. || SETTING | SETTING | SETTING | SETTING PARAMETER POT. |
NOTES
No. || RUN NO. | RUN NO. | RUN NO. | RUN NO. DESCRIPTION NO.
SenAg

=,__——_ﬁ*-“— L

P30 T [| P30
ol 7cc [F=dar, v
P3| Tea
Q3| I Q3|
P32 I P32
Q32 Q32
P33 P33
Q33 Q33
P34 P34
Q3 ll 3¢55 Q34
P38 P35
Q38 Q3s
P36 P36
Q36 Q36
P37 P37
Q37’ . Spoo DiAe [ «rmyr Q37
P38 I P38
li . Soe Dine r1 T Q38
P39 P39
999 | 5200 Diftn LT a9
P40 . 022 4 ﬁ, = /0 /o's/..».‘»‘l P40
Q40 fl  p90e | 0./7000 Q40
Pal || oc;g F'F:rvt Bins Ml v M P4l
Q4| , P Chmmna s - /e Q4
ﬁ-_—__ﬁﬁ P42
Q2 55¢/ il G P cpapn 042 |
P43 P43
Q43 1 Q43
P44 I P44
Q44 3000 Fow pln?7nre Q44



‘onic Associates, Inc
ceton Computation Center
2 PRINCETON, N.J, PHNE ‘PRINCETON 1-2291

NT SHEET ' SHEET 2 OF 3
POT. || SETTING | SETTING | SETTING | SETTING. ' PARAMETER POT
NOTES
NO. | RUN NO. | RUN NO. | RUN NO. | RUN NO. DESCRIPTION NO.
(e X

Pas — 1T 1T T Pat
sl oo . 2 Q48
Pae _ = Pee
Q48 ) . 7704 - - Q4e
Pa7 - P47
I P D Py 047
P48llo, 2000 s FE Pad
Qe gaoy =3 /s Qet

. | pag Pas
Q49 S G . ot @ Loy Qs8¢
asoll | g, 2(rv3/ QS0
QS il , o, N o Qs
Q52 Q82
es3 Qs
Q34 Qs4
essfl.ccaol (r¥7/% /200 Qst
el ,' Grp o ' SE Qse
Qs7 . [T
ass T Y
s fl, o5 5, . Qs
Q6o )l 2l 2y” j ':‘, = 6890 Fpoc fas Qe8¢
Lostfl . 2 £a N s Q)

- las2 ]|, 3,84 r » {310 - ez
" |ae3 o Q6!
Q64 , 2/ 704 Q64
aesll . oof e, = fonio™ aes
Qes ' Qe¢
es7ff |, 9 Lo 41 5w Jo ./ Q&7
assfl 2554 | - aee
ass ] . 4730 - : Qes
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L . campeccs B2 B lgectronic Associates, Inc

phet ’:’N Princeton Computation Center
[ ” 80X SO2 PRINCETON, N.J, PHONE PRINCETON 1=-028¢0)
)
I POTENTIOMETER ASSIGNMENT SHEET SHEET 30F 3
POT. || SETTING | SETTING | SETTING | SETTING PARANETER POT.
I NOTES
NO. {| RUN NoO. RUN NO. DESCRIPTION NO,
Q10 ¥ arb1ip 10® (44'3/‘ Q10
14 QT
er2 |, ;920 Qr2
ar3 fl. 4054 Q73
| 97l 2s00 sl ¥4 are
) Qrs Qrs
PEDREY
1 Qre Q76
L 077§l v798 . Y44
are | , Qrs
Q79 )|, €00 sell Y2 Q19
LT ) oen
Qe i Qo2
I ‘TII R Qe
.1 1) . 3279 Qe4e
ess i Qe
- aes s SP Sxi0°3/, 12541 > Qe
ST Qe?
- Q80 § . 7390 Qs
i Q8 fl . 2050 Qs
| [0 080’
Q9! s
l et ll. 3305” Qe
Q093 | Q9
' Yy ‘ Qve
[T ) - T1)
Q96 Q9e
l 118 YA ae?
- lesol. 000 , e L Q9
| Q99 11
m354
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ELECTRONIC ASSOCIATES, INC.
LONG BRANCH, NEW JERSEY

o susszcT SHELT FOR o sueerno._/_ov___
DATE &g Ct MACHNE - rroy. No. 4. 200
' POT No SE7TTING PORARMETE R
Poo 0.8218 0.8245
Po2 0.82185 o.82/8
Qo2 0.7723§ 0./98%
Po4 ©.039 V3.38
Qo8 0.0860 008 T leil
P17 O, 1000 0. looo
Q7 0.2978 25490
P8 ©.6000 0.6 000
Qe 0.2798 2%e.o
§o6 0.L749 0.6749
R4 . 079 Rulse bjas
Pos 996>
[ & , 6000
UV 9961
8 ., 0000

o A s e
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ELECTRONIC ASSOCIATES INC. PRGE |
EDUCATION & TRAINING 9ROUP A comrp
231l R AMPLIFIER ASSIGNMENT SHEET
PROBLEM 407
DATE _£/2/z
STATIC CHECK
AMP FUNCTION, AND /0
no.| F® VaRiaeLE cnec?‘;:'uu;::mv cusc: i:SUROEUDT T oS
= — = EEEEE——
00 | T e =27 T +20. 4429 ) 420,45
"I €y 26417+ ze27lezo00
2 "‘\,‘; i - ("'j Canl =~ | A ‘4}.4’4
3 .‘S"‘r‘_ ~~\V00 ¢S « “ "‘7‘. . _‘: -7,
RCTR

< bl TATRNE-1 Y o B

Yo [co'r o -2 ccT 9]

CCS & - trigreni- | C

wel =j00 oo €

- - A}
Jiie o

e 5408 s 7

144,944

- 44" 94¢
+0.35
s 6 —tiigcurd = 1D
lh'ne, -)O S/N B =30, &0 2 e
I NOTE 3 -5 b3o 4.4
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PAGE 2
A comp

ELECTRONIC ASSOCIATES INC.
EDUCATION & TRAINING GROUP

231 R AMPLIFIER ASSIGNMENT SHEET

PROBLEM _HO1T

DATE _8/9/¢é2

STATIC CHECK
AMP T FUNCTION, AND /OR CALCULATED MEASURED NOTES
NO. VARIABLE CHECK PT] OUTPUT | CHECK PT] OUTPUT
201S | —{oviPuT A1) t5.54L $5504
1S Wo’fg)mewbw\m] t 19, $ LR
2 ls¢ NOTE ¢ -%.794 -2.04
3o, |18 F@ s s (1s min ey +2.8.38 +28.47
s1%%] ~fourpuT A2 -199 - 19,20
gls NOTE 2 +97.7
8|5 | —(ovreur A25] ~%7.7
Ramaamany
? °~g* 10" F(r) sino +65. 04 16542
L r"r«g -0t sime ‘lﬁg} 14,208 +4.2)
’ °~'g 10 coz & F) -37.5% ~37.792%
30]S| NoTE 4 3.2 ~3.37
1S few® Fli-8eoi] e o +39.24 439 401"
2 N“~E 10”7 W () Cy) Fé50 +4.53
3 O i i) ) e 450 to0.19 +0.22
*[%g|-50 Fy mime Cly) ~6.50 - (45
SIS |=10*Fli)sn® - 45,40
slsl+ suid’ +47.50 + 47,65
7| M= 18 R wls Y)Y o © =169 -h68
SN - iy 14150 - 4762
*' ' «»\o‘mv{r)ua) &0 0 +2.43 +2.94




PRGE 3

ELECTRONIC ASSOCIATES INC. Beenr
EDUCATION & TRAINING GROUP
231R AMPLIFIER ASSIGNMENT SHEET
PROBLEM 407 |
DATE c
STATIC CHECK
‘H“O' i Fm‘\;':':"""&p/OR CHEC?(‘LP:'?L‘;::PUT CHEC:EF:'.SUROE:TPU? NeTes
40|I | + 5(ay+2) 28 +11,2.9 N
'S |50 Fly un e 46,59 16,44
2%+ 5x08>r sin® +30.8¢ 420,92
3 "’N, tEx100 P oS 1.8l +17.63
¢ [ty o0 B2 34 ~70.88 - %,00
515 Hbae,[uumifzc%"‘cﬂf’] 451, 44 +571.94
$15] 107" (4-40) R
7 +zoo§'9 5;‘% %—Y(‘\‘ +34 9¢ +40.20
IN NoTe £ ~143.75] ~104.9
Mgl -89 st gt O -34,9) -4, 5
!
501S | _1,47/[«~90] 172.23 172.2.9]
s t-2(0-9] 160.00 peccn
2{g| 2{0"-90"] -6 0.0 -6z
3 f;\’ +80 cor @ -40,) —46:4] ©>9cf
4[5S ]|-40 corx - 4018 - 402 4| o<y
5| ¢ |used with D¥6 F,0 ’ T
$| S| + /12 3N~ AR Y 65 36
?
8|S | +200 m{fj) + 45,32
421 471 (2= 90] 72.23 72.20
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PAGE 4

ELECTRONIC ASSOCIATES INC. P comP
EDUCATION & TRAINING GROUP
231 R AMPLIFIER ASSIGNMENT SHEET
PROBLEM 407
DATE ___E.ézlaz
[ STATIC CHECK
o i T A oo e
ols's| + 200 w(r) +45 45| FL.og
' 186 Lag206 (r- 6574) Ly fimy In hot
2fs's| t.3(r-r.) | y Inlinit
3|96 areMenT 81 ‘g—"’ Tn hm,t Infon,?
4 |s%s| secMENT @3 "'f,(') T bt T fon o
51| +1wo sine +8L.1173 +86.60
Bl S| +100 0@ 150.00 + 5
7 veeb with DF& Fob -

+1o! {é—%mgz -4 924 - 4.9%

S
S
9| S| Funetion Generat on ~2.07 —2.30@
S
S

70l S|t 0 FoYeos @ t2/ 72
' + 10t i) s O -4.29
2|s's| segment # 2 ‘i‘f;) To ot Lo b ot
3 S'6 Segre. 1 #4 ;—1—5-(——' v o 7 Tu lie ?
ol 0f 5‘-{5-@ 7.0 - 725

51 S {User wih pes F{;Z . _

s|S|-0" win C) - 4.50 - 4.3

e | =S5t 0

ofs |-t $EC +4.93 +4.95

fols |+t £E -4.93 495 |
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PAse &
ELECTRONIC ASSOCIATES INC. hooomr
EDUCATION & TRAINING GROUP .
231 R AMPLIFIER ASSIGNMENT SHEET
PROBLEM —$07
OATE &1/ 2
STATIC CHECK .

L e I e e e
Bo|s | - 50C(y) -10.00 - /0,00

VIS'8| — 1751l (r- 1500) 451,400 +57,4)

2|de] seqmetur £, | s

3]s Segr ot #2 F(0), I,

4 loG| Seqment #3 (1), In

s [ 7] Used with DFe F,3 s
sls| 00 LU +160,60 199.92

ris | + w0 Fir) l 475,10 b 745700

8ls |- 10"F(r)s ‘ =75 10 -7 58

?] S| Funtdin Gerention +29 .40 -24.99

0} S| —200 m() -45.22

{5 |1570(0-02,: 15V

2|36 Segmet w4 F(r), z 7,

SIs'e| 10 F (), IL +90.20 199 43

“Slsl Plttins A i f. - -
M uxdadh vre R4 | —

ofrw BET i 4715.8 tQb.70

1l |vsed win DFG F 9

o] o] - 107, [siaw ¢ 2eonartq 5194 -51.93
$*1s] - 10* Elv) ~75.10 7567




A Gomputer
ﬁ(«w(nc@) LOSA o€ -—/S;_' =ra 3hd %f‘")
- /2’5 Fli) Ciy) < 311 3‘?!:) - & m@)psm sh ‘f—-’—;@]
o o 4 (L{ m(‘v’)C(n!\ F‘(r) con B ;,_k,(q s
o (2K10 [ 3 j— zx{_NmL u]
Q;‘ - {LNOYE 1]~ sxn® '-r—‘-}

‘ dr o’ S ol A )]
10 [SMO :‘-—';- + F(r):me L(\J) .2.";" 4+ smpH m/y)((v) %{_{.’)J

@e;‘, 1 @

- [Ne1E 4]
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®©

Gang ey ey e

/04‘5//7-4 e [ ijlgg)(l-f m(lt) C“"j‘) + ‘Jg_"_‘_{_r) 71 010
Y ]

@ U‘tot{ MO ,{(‘ " "‘(‘7(,’ e".‘,fv‘(y)g',_-&lj
l With Mod N [ -2, EG)snt — &y 7)o & w(T) va)]
1 —pd CLFG)mG) N . |
@ 0 M S y ‘{4 [ simd + 2 co® X caf 637
. @ Anp &mﬂ_«_f St lhk Ll le . Oy.‘ipu’{"
! Fo B0 ~of & | 446,19 + 40,30
l R _40 cof & o+ 4616 ? 46,34
~ | Fo3 2xet A(j—f') ' 0.0¢ 4 9 5’9
' ' P X0 A(J 9«\ Q.00 $ 050
L Rt RIS 47500 1700
? ‘. h9 50 C(y} +)0 0 ¢ <10,0¢°
{” ‘ F0 + 100 cosk 475 58Y 475750
('Y ~0.3 (v~ r.,) T Lim ! oD

214 *(“")’J o) + 7.00 V725
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Ced e ~v;': : o PRGE 1
R BLECTRONIC ASSOCIATES INC.
' EDUCATION 8 TRAINING GROUP
"' oo 231 R AMPLIFIER ASSIGNMENT SHEET
i PROBLEM 9200 PRaTECT C  MmAcHInE
mTE 'M
l . g STATIC CHECK
AMP] oo FUNCTION, AND /OR CALCULATED MEASURED NOTES
l NO. VARIABLE CHECK PT.] outeyt ]cueck et | output
00
. .
2 '6 ’ -w.‘L:‘“.- n“"] _24 %0
! 3 +fo0 Em/sﬂlve = "0' 25’
l— 4 ¥ {6802 """o’”'s’l 00 +6223
l *ls Séo.2[swe - 0.8215] 124. 944
1 s ~106Sin” © 72400
"8 | j00sm’e +75700
l . +$'G «500 E1.m +0.79
i
I -
l |
EQuivALE~NT To
[ el FOulb "o d
G -
1S |-500 "™/ 0 +0.2 4
l ¢ Fuwmerion G'ﬂ’l':’:’;‘f w o -0.28
I 815 |y Foveriow Gewseruo + 4400
‘ s § 5 FoacTiov G ENERATION -0.00
v L Y g, FoncTION GENEIRTION -45,00
] L’G 9" FuncTon GCEnNERATION +0.00
9 r




ELECTRONIC ASSOCIATES INC.
EDUCATION & TRAINING GROUP

. 'Z"UJ’ |
e
13

231 R AMPLIFIER ASSIGNMENT SHEET
C MACHWE

PROBLEM 4700 PeoireT
DATE _8/¢/¢>
STATIC CHECK
K] FUNCTION, AND/OR CALCULATED MEASURED NOTES
no.y VARIABLE CHECK PT.] OUTPUT | |CHECK PT] OUTPUT
. i%o
,
4
; . o Fwwcrion GFrwERATION
[ [00s1m Y, +0.0/
‘ 3 ~/00 SIN Y, ~100.0¢
i ‘BER _.00Sw Y4, 0. 00
, = -
1°1s | #1005 4, 4 100,00

$1Sl 4100441

%
-/100. 3
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. .ri\e' a".ﬁdl.hj S“a{-fc C(\CCK i‘ QV "&e bq.{l.c 3"15*"” w""c,.d
madulation +erms,

A Defined Quantidies

-4

o 6= _¢0.00 | siv &2 9.86603 | cos &= 0.6000
st @® = 9.7500 , cor &= 0.577%

b) oc 40'SY _(90.9°), ~sinws 0.65474
gos & 3 075585 |, co7 ot = 1. 185 YY 2

. ) = 7125.0 Ken

which  defrues ys r/ewt@ = lins/ 1500 = 4500 km,

d) e, = 0,034 |, & constant | .

Bl E‘u““@ﬁ | E valo u“:ou

?./! =, ces of = 0. 7558
i
‘ c.l Etu“":"\ 2 Evatlu adion
. ' -5
a8 . L Sina 4 0.65Y2Y < /003 /0
oS r ' 7128

-
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ELECTRONIC ASSOCIATES, INC.
PRINCITON COMPUTATION CENTER
BOX 583, PRINCETON. N. J.

sv.Bul sumper__Sdot e Cleck SHEET NO._2Z__oF
oare_8{1{¢2 PROJ. NO.
/
i D Etuo‘ ‘onn 3 Ewtu o‘fon '
-4i18( X . 1o$)
l )y EM = e (<
a= @270 M
l_ Etv) = e_q-aa(‘?_i_g: - |.os) N c-q.:a {1.//35’-/.03‘)
i -4.48( 0485 ) - . 28632
[ FGY = e e
| E(r) = 6.7510
3 z) dF) - -q.18\ Fev) = - (4.18)(6.7519) - -4.5281.;0
* oA va , 370
’ ' S
l‘ 3) M= i = e sme p(v)
L M = 1= (0.029)(06.86603) (0.1510)
| M=\ = o0.022 = 0.4714
3 ) W o= - esine dFD)
1 r dr
L ) s )
% 2 - (0.034 )(0 86603 )(- 4.9281- 107)

&

- (0.034) (0.5000)(0.7510) = -1 2767 0™ *



C ASSOCIATES, INC.
COMPUTATION CENTER
BOX 388, PRINCETON, N. J.

- :...2!13: summer__Shabic (Cheek =~ 0000 m’mfn ::.__3__«.__

%) | 4  sime = / l_ . )(/,‘/J’l/-/o"s) (o.‘s"‘/7‘f)

-6

et o+ g n s s b B

[ o <+ 9.718¢ /0

[ 7) L cose - >(/zu7 0 )/a.?S.(ZS')
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